IMPORTANCE Although the lip is considered a high-risk location in cutaneous squamous cell carcinoma (cSCC), it has not been established whether this risk stems from vermilion or cutaneous locations or both.
S kin cancer is the most common cancer in the United States, with an incidence exceeding that of all other cancers combined.
1,2 The 2 main types, cutaneous squamous cell carcinoma (cSCC) and basal cell carcinoma, are now approximately equal in incidence and together account for 5.4 million cases of nonmelanoma skin cancer in the United States per year. 1 Previous studies have identified certain locations such as the lip, ear, and cheek as highrisk sites associated with increased risk of poor outcomes in cSCC. [3] [4] [5] For cSCCs of the lip, local recurrence (LR) occurs in up to 22% of tumors compared with 3% for cSCCs of all locations. [6] [7] [8] Similarly, cSCCs of the lip reportedly have as high as a 20% risk of metastasis, while the overall metastatic risk for cSCC is around 4%.
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To our knowledge, no study has determined whether the increased risk identified applies to the cutaneous lip, vermilion lip, or both. The risk differences between the individual zones of the lip ( Figure 1 ) have thus far been poorly studied, with recent studies only analyzing the lip in its entirety or stratifying primarily by upper vs lower lip rather than by cutaneous vs vermilion lip. 9, 10 In addition, there has been a lack of consensus on the grouping of lip zones for cancer staging purposes. In the Cancer Staging Manual, 7th Edition of the American Joint Committee on Cancer (AJCC 7), cSCCs on the cutaneous lip were staged under the cSCC system, while cSCCs on the vermilion lip were staged under the lip and oral cavity system. 11 Furthermore, within the cSCC system, the cutaneous lip was included as a high-risk location that could contribute toward upstaging a tumor, whereas the lip and oral cavity system did not include any location-based staging criterion. In AJCC 8, the cSCC staging system was updated to encompass only tumors arising on the head and neck. 12 In addition, the vermilion lip was removed from the lip and oral cavity system and placed together with the cutaneous lip in the cSCC system.
In theory, the absence of subcutaneous fat in the vermilion lip makes this location more prone to deep invasion. Without a fat barrier, cSCCs arising on the vermilion lip can more quickly access the rich lymphovascular space of muscle and thus have greater metastatic potential than cSCCs on the cutaneous lip, where relatively avascular subcutaneous fat is present. 13 Cutaneous SCCs on the vermilion lip that invade past the dermis (into fascia or muscle) are considered past the subcutaneous fat and are upstaged to T3 in AJCC 8. The decision to drop location-based criterion for cSCC of the head and neck in AJCC 8 was made in part because studies in the existing literature have inconsistently analyzed, failed to analyze, or were underpowered to analyze risk differences between the lip zones in cSCC. Therefore, this study aims to (1) quantify and compare the risks of developing poor outcomes in cSCCs of the cutaneous lip vs vermilion lip, with the hypothesis that vermilion lip cases have worse outcomes; and (2) define risk factors independently associated with poor outcomes in cSCC of the lip via multivariable analysis adjusted for the presence of other concurrent risk factors.
Methods
The Partners Human Research Committee approved this study, waiving written informed consent for retrospective deidentified patient data. Patients diagnosed with cSCC of the lip between January 1, 2000, and December 31, 2015, at Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH) in Boston, Massachusetts, were identified by (1) querying the Partners HealthCare System Research Patient Data Registry for patients with at least 2 International Classification of Diseases, Ninth Revision (ICD-9) codes for cSCC of the lip (eTable 1 in the Supplement); and (2) searching each hospital's Department of Pathology electronic pathology report database using combinations of the key phrases "squamous cell carcinoma" and "lip" and the following synonyms: "squamous cell cancer," "SCC," "vermilion," "oral commissure," "nasolabial fold," "nlf," and "philtrum." The medical records of all returned cases were manually reviewed by 2 of us (D.M.W. and P.S.K.) to validate that a histologic diagnosis of cSCC had been made.
Each qualifying tumor was assigned to the cutaneous lip or the vermilion lip. For tumors with inconclusive locations from clinical notes and pathology reports, histopathology slides of these tumors were obtained from their respective hospitals and reviewed by 3 of us (S.K., P.R., and C.D.S.). Classification of lip location was made based on the architectural appearance of the section (with superficial muscle and absence of fat indicating vermilion) and presence or absence of hair follicles and adnexal structures, which are found in the cutaneous lip but not in the vermilion lip. If a tumor had involvement of both cutaneous and vermilion lip, it was classified as a vermilion case, since tumor exposure to the richer lymphatics of the vermilion lip would increase the risk of metastasis according to the study hypothesis.
Features such as tumor diameter, histologic differentiation, anatomic level of invasion, and the presence of perineural invasion (PNI) were obtained from pathology reports and clinical notes. Tumor diameter was obtained from clinical notes if available; otherwise, it was recorded as the greatest diameter of the gross lesion reported on the excisional specimen pathology report (which should slightly underestimate the tumor size, given formalin shrinkage). Slides of tumors with
Key Points
Question How do the risks of recurrence, metastasis, and death in cutaneous squamous cell carcinoma (cSCC) differ between tumors arising on the vermilion lip vs the cutaneous lip?
Findings In this cohort study of 303 patients with 310 cSCCs of the lip (138 with cutaneous lip location, 172 vermilion), there was a 5-fold greater risk of nodal metastasis for vermilion lip tumors (13 of 172; 7.6%) compared with cutaneous lip tumors (2 of 138; 1.5%).
Meaning Cutaneous SCCs on the cutaneous lip are low-risk tumors, whereas cSCCs on the vermilion lip have considerable risk of nodal metastasis and may therefore merit consideration of radiologic nodal staging.
PNI (which is reported, when present, on cSCC pathology reports at BWH and MGH as standard practice) were reviewed by the same 3 of us who reviewed the histopathology slides (S.K., P.R., and C.D.S.) to record the diameter of the largest involved nerve. Unless otherwise stated in the pathology report (biopsy report, excision report, or Mohs operative note), tumors were considered to be well differentiated, confined to the dermis, and free of PNI. The T stage based on the BWH Tumor Staging system 14 Outcomes of interest, including LR, nodal metastasis (NM), distant metastasis (DM), disease-specific death (DSD), and allcause death (ACD), were determined to have occurred if indicated in clinical notes by the treatment team or primary care physicians. Local recurrence was considered to have occurred if a pathology report documented invasive cSCC in the same anatomic location as a prior cSCC and a clinical note from a treating physician confirmed that the second lesion was considered to be a recurrence of the index primary tumor. Nodal metastasis was defined as pathologically confirmed cSCC in a draining nodal basin of the primary cSCC with no other potential source. Distant metastasis was established by histological analysis and/or radiological studies and documentation by the treatment team. Disease-specific death was considered to have occurred if the primary tumor or related complications were listed as the cause of death by a treating physician. All-cause death was determined by a review of medical records and online obituary search. Patients who did not develop an outcome of interest were censored on the date of death or the date of the medical record review if alive.
Baseline demographic characteristics, medical history, tumor characteristics, and treatment and outcome data were stratified by location on the cutaneous lip vs vermilion lip and compared using the Pearson χ 2 test or Fisher exact test for categorical variables and Wilcoxon rank-sum test for continuous variables. The competing risk analysis of Fine and Gray 15 was used for the NM and DSD end points because cSCC is primarily a disease of the elderly population, and death from non-cSCC causes frequently occurs prior to the development of disease-related outcomes and must be taken into account. Multivariable models were built using a combination of backward elimination and the change-in-estimate method. Variables with P < .20 and variables that, when included, resulted in a change of 10% or more in the effect estimate of location on the vermilion lip (vs cutaneous lip) were included in the multivariable model. 16, 17 All statistical analyses were conducted using Stata software (version 15.0; StataCorp LP).
Results
The Partners HealthCare System Research Patient Data Registry query and searches of the pathology report databases combined found 2259 patients who met the initial search criteria. After medical record review, most of these cases were determined to be cSCCs of nonlip locations, recurrent tumors, or incorrectly coded lesions and were excluded. A total of 394 cases of primary invasive (not in situ) cSCC of the lip were identified, of which 56 required histologic review to determine the location on cutaneous lip vs vermilion lip, and 84 were excluded due to insufficient primary tumor information, leaving 310 cSCCs of the lip in 303 patients for inclusion in the study cohort. Table 1 summarizes the characteristics of the study population. The patients were evenly split between men (50.5%; n = 153) and women (49.5%; n = 150). The median age was 68 years (range, 27-93 years). Immunosuppression (due to organ transplantation, leukemia/lymphoma, or medications for autoimmune diseases) was present in 79 (26.1%) patients. There was a history of skin cancer in 173 (57.1%) patients. Table 2 40 of 138) ). However, this difference was statistically significant for only the NM and any-pooroutcome end points (P = .01 for each). While vermilion lip cSCCs were more often located on the lower lip (81%; 139 of 172), there was no significant risk difference in the NM end point between lower vermilion lip cSCCs and upper vermilion lip cSCCs (7.9%; 11 of 139 vs 6.3%; 2 of 32, respectively; P > .99).
eTable 2 in the Supplement summarizes univariable and multivariable analyses for selected outcomes of interest (NM and DSD). The BWH and AJCC 8 T stages were excluded from multivariable analyses owing to multicollinearity with individual risk factors. On multivariable analysis, elevated risk of NM in cSCC of the lip was associated with location on the vermilion lip (vs cutaneous lip; subhazard ratio [SHR], 5.0; 95% CI, 1.1-23.8) and depth of invasion beyond subcutaneous fat (eg, invasion of fascia or muscle or beyond) (SHR, 4.4; 95% CI, 1.3-14.9). Elevated risk of DSD was associated with PNI (SHR, 4.6; 95% CI, 1.1-18.9) and non-Mohs treatment (vs standard excision; SHR, 0.1; 95% CI, 0.0-0.7). Figure 2 shows KaplanMeier curves and the life table for NM stratified by lip location. Table 3 provides details of the 15 cases of NM and shows that more than half of these cases were AJCC 8 and BWH T1 without any risk factors. A sensitivity analysis showed no difference in outcomes between those cases requiring vs not requiring histologic review to classify vermilion vs cutaneous lip location.
Discussion
Prior studies showing increased risk of poor outcomes in cSCCs of the lip have thus far been unable to analyze risk differences between the zones of the lip. In the present study, cSCCs on the vermilion lip had a greater risk of developing LR, NM, and DSD than did cSCCs of the cutaneous lip. In particular, the risk of NM for cSCCs on the vermilion lip (7.6%) was 5-fold higher than the risk for cSCCs on the cutaneous lip (1.5%) on multivariable analysis, independent of depth of invasion (P = .04). Since the 1.5% risk for cutaneous lip is slightly less than that reported for cSCC overall, prior studies that found the lip to be a high-risk location were likely driven by poor outcomes of vermilion lip (and not cutaneous lip) cases. Other studies that did not identify the lip as a high-risk location may have included mostly cutaneous lip cSCCs. 18 The present study found on multivariable analysis that cSCC location on the vermilion lip was associated with development of NM, independent of depth of invasion (which was the only other risk factor associated with NM in this cohort). This finding suggests that the recently updated AJCC 8 criteria and BWH cSCC staging may not adequately account for the increased risk inherent to vermilion lip location. Although the etiology of cSCCs arising on the vermilion lip is primarily related to UV light exposure similar to other nonmelanoma skin cancers on other sun-exposed areas of the body, 19 the absence of subcutaneous fat in the vermilion lip may permit quicker tumor access to the rich lymphovascular space of muscle and thus greater metastatic potential. However, it is interesting to note that most of the metastatic cases examined in the present study did not report invasion beyond the dermis. Microinvasion of lymphatics in the connective tissue and muscle layer immediately below the dermis of vermilion lip may be difficult to detect and might therefore have been underestimated in this study. However, these data indicate that obvious invasion of lip muscle, poor differentiation, large tumor diameter, and PNI need not be present for metastasis to occur from vermilion lip cSCC. Vermilion location alone was associated with an elevated risk of NM in the absence of other risk factors. While the presence of PNI was associated with a 4.6-fold higher risk of DSD, and treatment with Mohs surgery was associated with a 10-fold lower risk of DSD (compared with standard excision) on multivariable analysis, DSD was not associated with vermilion vs cutaneous lip location. A larger study may show a higher risk of mortality, but a rather large study may be needed, since NMs are highly curable if not too advanced. A 5-year cure rate of 73% has been reported for head and neck cSCC with NM treated with surgery and adjuvant radiotherapy. Four months into the voyage, the Endurance crossed the Antarctic Circle, only to be crushed by shifting ice. 1 The crew camped on packed ice for more than 5 months and drifted nearly 1600 miles, until they finally met a clearing in the ice-packed Weddle Sea, on the east arm or the Antarctic Peninsula. 1 The men navigated treacherous conditions, eventually reaching Elephant Island, an icy, mountainous island off the coast of Antarctica, separated from any form of human settlement by some of the world's most perilous seas. Reaching land was not the relief the men were hoping for. Elephant Island was plagued by storms, sleet, and snow.
1 Some of the men died; many more suffered life-threatening frostbite. 1 Perce Blackborow experienced the most serious frostbite; amputation was his only hope of survival. 1 The 2 surgeons on board amputated his left toes using lifeboats, buckets, seal blubber, penguin pelts, cigarettes, and chloroform, among other things, in less than 1 hour. 1 Luckily, severe cases of frostbite, such as those experienced by Blackborow, are not as common today; however, it is still a feared condition. Frostbite is defined as damage caused by freezing of tissue when exposed to extremely cold conditions. 2 In response to temperatures be- 
